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Abstract
Although not fully understood, sex may affect both the prevalence and control rate of hyper-
tension. The present study was designed to investigate factors associated with hypertension
prevalence and control among Korean adults. We analyzed 27,887 individuals (12,089
males and 15,798 females) aged 30 years or older who participated in the fifth (2010–2012)
and sixth (2013–2014) Korea National Health and Nutrition Examination Survey. Multiple
logistic regression models were applied to delineate factors associated with the prevalence
and control of hypertension separately for men and women. Overall, the prevalence of
hypertension was higher in men (34.6%) than in women (30.8%). However, after the age of
60 years, hypertension was more prevalent in females than in males. Regardless of sex, the
older the participants were, the more likely they were to have hypertension. Factors posi-
tively associated with hypertension prevalence were old age, low education, and high BMI in
women (p<0.001) and increasing age, low income, alcohol intake, and high BMI in men
(p<0.001). The overall control rate of hypertension was higher in women (51.3%) than in
men (44.8%). However, after the age of 60 years, hypertension control rates were higher in
men than in women. Factors decreasing hypertension control were white-collared women
and young age, alcohol consumption in men. Sex differences in hypertension prevalence
and control were discovered among Korean adults. After the age of 60, females were more
likely to have hypertension and less likely to maintain hypertension control than males of the
same age range. Accordingly, sex-specific approaches are recommended for effective
blood pressure management.
Introduction
Hypertension is an essential public health issue, since it is a modifiable risk factor for cardio-
vascular disease, stroke, heart failure, and kidney failure [1, 2]. Despite efforts to lower blood
pressure, it remains as a problem due to increasing elderly population and unfavorable
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behavioral risk factors; unhealthy diet, excessive intake of alcohol, lack of exercise, stress, and
obesity [3–8]. Strategic prevention and management is needed to reduce hypertension-related
complications and mortality [9].
Hypertension prevalence and control is known to differ by age, sex, and various other fac-
tors [8, 10–12]. However, few studies examined factors other than age and sex, which affect
hypertension among Koreans. Since, the management and control of diseases differ by sex [13,
14], we aimed to investigate sex differences in hypertension prevalence and control, as well as
influences among Korean adults.
The name of the institution: Ajou IRB
IRB number: AJIRB-SBR-EXP-16-508
This study was approved as exempt from Institutional Review Board of Ajou University
Hospital (approval No. AJIRB-SBR-EXP-16-508)".
Materials and methods
Study population
This study analyzed data from the fifth (2010 to 2012) and sixth (2013 and 2014) Korea National
Health and Nutrition Examination Survey (KNHANES). The KNHANES is a nationally re-
presentative survey that uses a three-stage probabilistic sampling procedure, with stratified
sampling performed by the Korea Centers for Disease Control and Prevention. KNHANES
comprises three components that are administered to 10,000 participants each year, including a
health interview, a health examination, and a nutrition survey. Sampling units are based on geo-
graphical area-, sex-, and age-groups. In the present study, data on 3840 families from 192 sec-
tors were included each respective year in KHANES V (2010 to 2012) and VI (2013 and 2014).
Among 41,102 total participants, we excluded 13,215 participants of ages< 30 years. Thus, a
total of 27,887 subjects (12,089 men and 15,798 women) were analyzed.
Measurements
Blood pressure (BP) was measured three times from the right arm, after the participant had
been seated for at least 5 minutes. If the first and second measurements differed more than
10mmHg for systolic or diastolic BP, then a third measurement was performed. We assessed
the average value of the last two BP measurements. Body mass index (BMI) was calculated as
the subject’s weight in kilograms divided by the subject’s height in meters (The Asian and
Pacific perspective–World Health Organization) [15].
Risk factors. The health interview obtained details on the following: age, household
income, education, occupation, alcohol consumption, and smoking history.
Alcohol intake was recorded as the frequency of consuming alcohol over the past year and
more than once a week of alcohol consumption was considered as “drinking alcohol.” For
smoking, the participants were asked if they currently smoke or not.
In regards to grouping, age was divided into five groups: 30–39 years, 40–49 years, 50–59
years, 60–69 years, and 70+ years. Household income was split into quartiles. Education was
categorized into three groups: <9 years, 9–11 years, or12 years. Occupations were classified
as white collar, blue collar, or unemployed and housewives. Alcohol intake was categorized as
drinking alcohol or not. Smoking status was divided into current smokers and nonsmokers. A
new categorization of BMI was made: 20 kg/m2 or less as underweight, from 20 to<23kg/m2
as normal, from 23 to<25kg/m2 as overweight, and 25 kg/m2 or more as obese.
Definitions for prevalence and control of hypertension. Self-reported hypertension
prevalence, self-reported hypertension treatment and antihypertensive use was also obtained
in the survey. Self- reported hypertension prevalence and self-reported hypertension treatment
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was obtained by asking the respondents if they were currently under hypertension and if the
respondents were currently taking treatment for hypertension respectively. Antihypertensive
use was asked if the respondents were taking medication now, and people who took medica-
tion pills over 20 days per month were considered as using antihypertensive. Hypertension
prevalence was defined as people with an average SBP 140 mmHg or DBP 90 mmHg or
whom taking medication for hypertension. Among people with hypertension, when having an
average systolic BP < 140 mmHg and diastolic BP< 90mmHg is classified as controlled
hypertension, regardless of medication use [16].
Statistical analysis
Multiple logistic regression models were used to identify factors associated with the prevalence
and control of hypertension. Chi-square tests were conducted to compare categorical variables.
All analyses were performed separately for men and women. In order to visualize sex differ-
ences according to age and BMI, a cubic spline was fitted using R software (version 3.2.5).
Also, Hosmer-Lemeshow goodness of fit for logistic regression and C-statistics were evaluated.
Other statistical analyses were conducted using SAS software (version 9.3; SAS Institute, Cary,
NC, USA).
Results and discussion
Table 1 and Table 2 presents the characteristics of the male and female participants and com-
pare variables among sex. Table 1 represents for all study participants, while Table 2 excluded
respondents who had not hypertension until the study point: total included male participants,
4293; female participants, 5141. There were significant differences among sex for income, anti-
hypertensive use, alcohol intake, and current smoking status. Men was more likely to be edu-
cated, have a job, and drink alcohol and less likely to receive hypertension treatment and use
antihypertensive medications. Overall, 12.5% of the participants (12.2% of males and 12.7% of
females) had a systolic BP > = 140mmHg, while 8.6% of the participants (12.2% of males and
5.8% of females) had a diastolic BP > = 90mmHg. Also participants self-reported hyperten-
sion, treatment and anti-hypertensive use was slightly higher among females: 92.7% (male),
94.6% (female); 88.6% (male.), 92.8% (female); 88.6% (male), 92.6% (female) each.
The number of people with hypertension, unadjusted odds ratio (OR), adjusted OR, and its
confidence interval for men and women is represented in Table 3. Adjusted OR was adjusted
for seven variables in Table 3: age, income, education, occupation, alcohol intake, smoking,
and BMI. The percentage of hypertension was 34.6% (4188 of 12,089) in men and 30.8% (4861
of 15,798) in women. For the adjusted model in men, increasing age, low income, alcohol
intake, and high BMI were associated with increased odds for having hypertension, while
young age, smoking, and low BMI were negatively associated with hypertension. In women,
hypertension was significantly associated with old age, low education, and high BMI only. In
an unadjusted model for women, hypertension was positively associated with low income and
blue-collar work and negatively associated with alcohol intake and low BMI, although these
did not remain significant after adjusting.
In Table 4, the number of people with controlled hypertension, unadjusted odds ratio
(OR), adjusted OR, and its confidence interval for men and women is shown. Adjusted OR
was adjusted for seven variables in Table 4. Among the 4188 men and 4861 women with hyper-
tension, 1871 men (44.7%) and 2496 women (51.3%) kept their blood pressure controlled
(defined as SBP<140mmHg and DBP<90mmHg). Among hypertensive men in the adjusted
model, control rates were positively significant in individuals of older age and negatively asso-
ciated with alcohol drinkers. In the unadjusted model for male hypertensives, aging and low
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education was related to increase in control rates, while negatively significant for alcohol
drinking, white and blue collar jobs, and current smokers. In adjusted model, for hypertensive
women, only one age group (60–69) was positively associated hypertension control rates and
Table 1. Basic characteristics of the study participants.
Characteristics Men Women p-value
Age 0.017
30–39 2472 (20.4) 3288 (20.8)
40–49 2585 (21.4) 3159 (20.0)
50–59 2527 (20.9) 3446 (21.8)
60–69 2358 (19.5) 2855 (18.1)
70+ 2147 (17.8) 3050 (19.3)
Individual income quartiles < .0001
Lowest group 2937 (24.6) 3869 (24.8)
Medium lowest 3014 (25.2) 3923 (25.2)
Medium highest 3007 (25.2) 3927 (25.2)
Highest group 2991 (25.0) 3877 (24.9)
missing 140 202
Education 0.001
<9 3422 (32.6) 6634 (46.3)
9–11 3353 (31.9) 4254 (29.7)
12 3729 (35.5) 3454 (24.1)
missing 1585 1456
Occupation 0.728
White collar 2249 (18.6) 2679 (17.0)
Blue collar 4004 (33.1) 2713 (17.2)
Unemployed & Housewives 5836 (48.3) 10406 (65.9)
Alcohol intake < .0001
No 5887 (58.9) 9959 (88.8)
Yes 4108 (41.1) 1250 (11.2)
missing 2094 4589
Current smoker < .0001
No 4535 (51.5) 698 (50.4)
Yes 4268 (48.5) 686 (49.6)
missing 3286 14414
Systolic blood pressure 0.010
<140 10617 (87.8) 13796 (87.3)
140 1472 (12.2) 2002 (12.7)
Diastolic blood pressure 0.943
<90 10615 (87.8) 14881 (94.2)
90 1474 (12.2) 917 (5.8)
Body mass index 0.225
<20.0 969 (8.6) 1943 (12.8)
20.0 to 22.9 3209 (28.5) 5058 (33.4)
23.0 to 24.9 2998 (26.6) 3454 (22.8)
 25.0 4084 (36.3) 4684 (30.9)
missing 829 659
Data are expressed as numbers (frequency [%]); Age and education expressed as years; Systolic blood pressure and diastolic blood pressure expressed
as mmHg; Body mass index expressed as kg/m2; 12089 men and 15798 women.
https://doi.org/10.1371/journal.pone.0178334.t001
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white collar jobs were negatively associated. However, control rates were higher in hyperten-
sive women with high age, low education, and high BMI in the unadjusted model.
Fig 1 presents the logit proportions of hypertension prevalence by sex and deciles of age
and BMI with spline fits. Overall, hypertension tended to increase with increasing age and
BMI, although patterns differed according to sex. Under age 60, hypertension was prevalent in
men than in women; however, beyond the age of 60, hypertension in women was more com-
mon. Interestingly, the log odds of hypertension prevalence for respondents older than 60 has
shown different trend among sex: female increased compared to male. Meanwhile, hyperten-
sion in men was prevalent than in women of relatively low BMI status, although there was no
sex-difference in the prevalence of hypertension among individuals of higher BMI status (25
kg/m2).
Fig 2 presents the logit proportions of hypertension control by sex and deciles of age and
BMI with spline fits. Hypertension control rates increased according to age until around the
age of 70 years in both sexes, and decreased thereafter. Among younger individuals, male
hypertensives showed lower control rates than their female counterparts. Additionally, hyper-
tension control rates tended to decrease among hypertensive men with relatively high BMI;
there was no distinct relationship between BMI and hypertension control among women.
Our study examined sex difference in factors affecting prevalence and control of hyperten-
sion. Aging and high BMI were associated with prevalence in both male and female. Alcohol
consumption was negatively associated with hypertension control in men. However, socioeco-
nomic status (low income) and behavioral factors (alcohol drinking and nonsmoking) were
positively associated with the presence of hypertension in men but not in women. Also, less
education was strongly associated with hypertension prevalence in women, while the associa-
tion was only modest in men. Kautzky-Willer A. provided evidence that the relationship
between hypertension and education differ between sexes: education was more closely related
to hypertension and overall health status in females than in males [17].
When combining incomplete datasets in KNHANES V and VI, we ignored the weighted
value for each section. Residential area and marital status were excluded from analysis, since
these variables have not been found to have a major impact on hypertension in Koreans. Since
this study is a cross-sectional design, which captures a specific point in time, it was unable to
reflect cause and effect relationships. Also, because hypertension was recorded after only one
Table 2. Hypertension characteristics of the study participants.
Characteristics Men Women p-value
Self-reported hypertension prevalence 0.191
No 199 (7.3) 201 (5.4)
Yes 2537 (92.7) 3544 (94.6)
Missing/ do not know 1557 1396
Self-reported hypertension treatment 0.059
No 312 (11.4) 271 (7.2)
Yes 2424 (88.6) 3474 (92.8)
Missing/ do not know 1557 1396
Antihypertensive use < .0001
No 311 (11.4) 276 (7.4)
Yes 2408 (88.6) 3450 (92.6)
Missing/ do not know 1574 1384
Data are expressed as numbers (frequency [%]). 4293 men and 5141 women.
https://doi.org/10.1371/journal.pone.0178334.t002
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Table 3. Factors associated with the prevalence of hypertension.
Men Women
Variables No. of
people
No. of
hypertensiona
Unadjusted
ORb
Adjusted
ORb*
No. of
people
No. of
hypertensiona
Unadjusted ORb Adjusted
ORb*
Age
30–39 2472 338 (13.7) 0.28 (0.25–
0.33)
0.28 (0.23–
0.33)
3288 86 (2.6) 0.06 (0.05–0.08) 0.19 (0.10–
0.37)
40–49 2585 636 (24.6) 0.58 (0.52–
0.66)
0.60 (0.51–
0.70)
3159 359 (11.4) 0.30 (0.26–0.34) 0.60 (0.36–
1.00)
50–59 2527 908 (35.9) 1 1 3446 1029 (30) 1 1
60–69 2358 1174 (49.8) 1.77 (1.58–
1.98)
1.99 (1.72–
2.30)
2855 1464 (51.3) 2.47 (2.23–2.74) 3.43 (2.00–
5.88)
70+ 2134 1126 (52.8) 1.99 (1.77–
2.24)
2.63 (2.22–
3.11)
3015 1910 (63.3) 4.06 (3.66–4.51) 5.00 (2.92–
8.57)
Individual income
quartiles
Lowest group 2937 1017 (34.6) 1.08 (0.97–1.2) 1.19 (1.02–
1.37)
3869 1251 (32.3) 1.22 (1.11–1.34) 0.88 (0.52–
1.49)
Medium lowest 3014 1071 (35.5) 1.12 (1.01–
1.25)
1.25 (1.08–
1.44)
3923 1290 (32.9) 1.25 (1.13–1.38) 1.18 (0.68–
2.04)
Medium highest 3007 1060 (35.3) 1.11 (1–1.23) 1.19 (1.03–
1.36)
3927 1177 (30.0) 1.09 (0.99–1.20) 0.79 (0.43–
1.45)
Highest group 2991 986 (33.0) 1 1 3877 1092 (28.2) 1 1
Education
<9 3422 1691 (49.4) 2.57 (2.33–
2.84)
1.15 (0.98–
1.34)
6634 3597 (54.2) 13.37 (11.73–
15.25)
3.85 (1.82–
8.15)
9–11 3353 1294 (38.6) 1.65 (1.5–1.83) 1.26 (1.11–
1.44)
4254 824 (19.4) 2.71 (2.35–3.13) 1.98 (0.98–
3.99)
12 3729 1027 (27.5) 1 1 3454 281 (8.1) 1 1
Occupation
White collar 2249 654 (29.1) 0.77 (0.7–0.86) 0.89 (0.77–
1.03)
2679 547 (20.4) 0.56 (0.51–0.63) 0.99 (0.61–
1.59)
Blue collar 4004 1513 (37.8) 1.15 (1.06–
1.25)
0.80 (0.71–
0.91)
2713 1061 (39.1) 1.41 (1.29–1.54) 1.04 (0.67–
1.62)
Unemployed &
Housewives
5836 2021 (34.6) 1 1 10406 3253 (31.3) 1 1
Alcohol intake
Yes 4108 1762 (42.9) 1.45 (1.34–
1.57)
1.57 (1.42–
1.73)
1250 305 (24.4) 0.83 (0.73–0.95) 1.34 (0.88–
2.05)
No 5887 2009 (34.1) 1 1 9959 2785 (30.0) 1 1
Current smoker
Yes 4268 1341 (31.4) 0.56 (0.51–
0.61)
0.84 (0.76–
0.93)
686 178 (25.9) 1.00 (0.79–1.27) 1.18 (0.84–
1.67)
No 4535 2046 (45.1) 1 1 698 181 (25.9) 1 1
Body mass index
0 to <20.0 969 257 (26.5) 0.85 (0.73–
1.00)
0.72 (0.59–
0.87)
1943 276 (14.2) 0.54 (0.47–0.62) 0.63 (0.34–
1.17)
20.0–22.9 3209 953 (29.7) 1 1 5058 1201 (23.7) 1 1
23.0–24.9 2998 1085 (36.2) 1.34 (1.21–
1.49)
1.59 (1.40–
1.82)
3454 1183 (34.3) 1.67 (1.52–1.84) 1.47 (0.93–
2.32)
25.0 4084 1873 (45.9) 2.01 (1.82–
2.21)
2.82 (2.49–
3.20)
4684 2193 (46.8) 2.83 (2.59–3.08) 2.39 (1.56–
3.67)
Abbreviations: CI, confidence interval; BP, blood pressure; OR, odds ratio. Age and education expressed as years; Body mass index expressed as kg/m2;
Hosmer-Lemeshow test x2: p = 0.6342 (Males), p = 0.4149(Females); C-statistics: 0.786 (Males), 0.987 (Females)
a. Data are expressed as numbers (frequency [%])
b. Data are expressed as OR (95% CI)
*Adjusted for other variables in the table.
https://doi.org/10.1371/journal.pone.0178334.t003
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Table 4. Factors associated with hypertension control among individuals with hypertension.
Men Women
Variables No. of
hypertension
No. of controlled
hypertensiona
Unadjusted
ORb
Adjusted
ORb*
No. of
hypertension
No. of controlled
hypertensiona
Unadjusted
ORb
Adjusted
ORb*
Age
30–39 338 43 (12.7) 0.23 (0.17–
0.33)
0.22 (0.15–
0.34)
86 21 (24.4) 0.37 (0.22–
0.62)
0.56 (0.16–
1.96)
40–49 636 149 (23.4) 0.49 (0.39–
0.62)
0.45 (0.35–
0.59)
359 138 (38.4) 0.72 (0.56–
0.92)
1.91 (0.71–
5.15)
50–59 908 349 (38.4) 1 1 1029 479 (46.6) 1 1
60–69 1174 665 (56.6) 2.09 (1.75–
2.5)
1.94 (1.58–
2.39)
1464 802 (54.8) 1.39 (1.19–
1.63)
2.56 (1.13–
5.79)
70+ 1126 661 (58.7) 2.28 (1.90–
2.72)
2.27 (1.80–
2.87)
1910 1052 (55.1) 1.41 (1.21–
1.64)
2.03 (0.92–
4.48)
Individual income
quartiles
Lowest group 1017 448 (44.1) 0.92 (0.77–
1.10)
0.98 (0.78–
1.23)
1251 613 (49) 0.79 (0.67–
0.93)
0.78 (0.34–
1.79)
Medium lowest 1071 471 (44) 0.92 (0.77–
1.09)
0.95 (0.77–
1.19)
1290 635 (49.2) 0.80 (0.68–
0.94)
0.70 (0.30–
1.63)
Medium highest 1060 479 (45.2) 0.96 (0.81–
1.15)
1.03 (0.83–
1.28)
1177 625 (53.1) 0.93 (0.79–
1.10)
1.12 (0.44–
2.82)
Highest group 986 455 (46.1) 1 1 1092 599 (54.9) 1 1
Education
<9 1691 898 (53.1) 1.92 (1.64–
2.25)
0.94 (0.74–
1.18)
3597 1971 (54.8) 1.94 (1.51–
2.49)
2.34 (0.38–
14.43)
9–11 1294 578 (44.7) 1.37 (1.16–
1.62)
1.03 (0.84–
1.28)
824 399 (48.4) 1.50 (1.14–
1.98)
4.30 (0.68–
27.02)
12 1027 381 (37.1) 1 1 281 108 (38.4) 1 1
Occupation
White collar 654 227 (34.7) 0.57 (0.47–
0.68)
0.88 (0.70–
1.12)
547 263 (48.1) 0.84 (0.70–
1.00)
0.27 (0.11–
0.67)
Blue collar 1513 668 (44.2) 0.85 (0.74–
0.97)
0.85 (0.71–
1.01)
1061 522 (49.2) 0.87 (0.76–
1.00)
1.18 (0.62–
2.23)
Unemployed &
Housewives
2021 976 (48.3) 1 1 3253 1711 (52.6) 1 1
Alcohol intake
Yes 1762 722 (40.1) 0.69 (0.61–
0.78)
0.75 (0.64–
0.87)
305 141 (46.2) 0.80 (0.63–
1.02)
0.92 (0.46–
1.86)
No 2009 1009 (50.2) 1 1 2785 1439 (51.7) 1 1
Current smoker
Yes 1341 530 (39.5) 0.62 (0.54–
0.72)
0.97 (0.83–
1.14)
178 90 (50.6) 1.16 (0.76–
1.75)
1.49 (0.87–
2.55)
No 2046 1047 (51.2) 1 1 181 85 (47) 1 1
Body mass index
0 to <20 257 104 (40.5) 0.81 (0.62–
1.07)
0.64 (0.45–
0.9)
276 122 (44.2) 0.77 (0.59–
1.00)
0.58 (0.20–
1.71)
20 to 22.9 953 470 (49.3) 1.16 (0.97–
1.38)
1.06 (0.86–
1.31)
1201 569 (47.4) 0.88 (0.75–
1.03)
1.00 (0.49–
2.04)
23 to 24.9 1085 495 (45.6) 1 1 1183 598 (50.5) 1 1
25.0 1873 790 (42.2) 0.87 (0.75–
1.01)
1.12 (0.93–
1.34)
2193 1202 (54.8) 1.19 (1.03–
1.37)
1.30 (0.70–
2.40)
Abbreviations: CI, confidence interval; BP, blood pressure; OR, odds ratio. Age and education expressed as years; Body mass index expressed as kg/m2;
Hosmer-Lemeshow test x2: p = 0.7804 (Males), p = 0.5180 (Females). C-statistics: 0.738 (Males), 0.968 (Females).
a. Data are expressed as numbers (frequency [%])
b. Data are expressed as OR (95% CI)
*Adjusted for other variables in the table.
https://doi.org/10.1371/journal.pone.0178334.t004
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Fig 1. Logit proportions of hypertension prevalence by sex and deciles of age (first) and BMI (second) for n = 27,887 subjects, along with spline
fits (smooth curves). *Cubic spline was adjusted according to sex, individual income quartile, education, occupation, alcohol intake, smoking status, and
body mass index. Shaded bands are pointwise 0.95 confidence limits for predicted log odds ratio. Triangle marks: Male proportions, X marks: Female
proportions.
https://doi.org/10.1371/journal.pone.0178334.g001
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Fig 2. Logit proportions of hypertension control by sex and deciles of age (first) and BMI (second) for n = 27,887 subjects, along with spline fits
(smooth curves). *Cubic spline was adjusted according to sex, individual income quartile, education, occupation, alcohol intake, smoking status, and body
mass index. Shaded bands are pointwise 0.95 confidence limits for predicted log odds ratio. Triangle marks: Male proportions, X marks: Female proportions.
https://doi.org/10.1371/journal.pone.0178334.g002
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checkup, white-coat hypertension and masked hypertension could not be ruled out. Another
limitation is that socioeconomic factors and lifestyle behaviors might involve measurement
errors, since information were collected through interviews. Lastly, mechanisms of the noted
sex differences could not be found.
According to our study, hypertension is common among females over the age of 60. Thus,
there might be an additional variable, which is not included, affecting hypertension. Variables
selected in this study analysis were selected according to guidelines reported in other studies
[12, 18]. Future studies accounting other potential important variables may prove to be of con-
siderable value.
Respondents with hypertension totaled 30.4% overall (34.2% in males and 26.9% in
females) in this study (Table 2). These rates are below those in the United States, other Euro-
pean countries and south Asian countries [19–24]. While the rates were high compared to
other east Asian countries [25]. Our study suggest age- and sex-specific strategies to prevent
and control hypertension among Korean adults.
Conclusions
This study examined sex differences in hypertension prevalence and control among Korean
adults. Sex disparities in hypertension status was shown: females are more likely to be hyper-
tensive than male, after the age 60. Also, factors associated with hypertension prevalence and
control differed by sex. Our findings suggest that sex specific approach is critical in improving
hypertension and its’ control.
Author Contributions
Conceptualization: HCK.
Data curation: HMC.
Formal analysis: HMC DRK.
Funding acquisition: HMC HCK.
Investigation: HMC.
Methodology: HMC DRK.
Project administration: HMC HCK.
Software: HMC DRK.
Supervision: DRK.
Validation: HCK DRK.
Visualization: HMC.
Writing – original draft: HMC.
Writing – review & editing: DRK.
References
1. Whelton PK. Epidemiology of hypertension. The Lancet 1994; 344(8915):101–106.
2. Ezzati M, Oza S, Danaei G, Murray CJL. Trends and Cardiovascular Mortality Effects of State-Level
Blood Pressure and Uncontrolled Hypertension in the United States. Circulation 2008; 117(7):905–914.
https://doi.org/10.1161/CIRCULATIONAHA.107.732131 PMID: 18268146
Sex differences in hypertension prevalence and control
PLOS ONE | https://doi.org/10.1371/journal.pone.0178334 May 25, 2017 10 / 12
3. Organization WH. Global strategy for the prevention and control of noncommunicable diseases. 2000.
4. Ong KL, Cheung BMY, Man YB, Lau CP, Lam KSL. Prevalence, Awareness, Treatment, and Control of
Hypertension Among United States Adults 1999–2004. Hypertension 2007; 49(1):69–75. https://doi.
org/10.1161/01.HYP.0000252676.46043.18 PMID: 17159087
5. Buttar HS, Li T, Ravi N. Prevention of cardiovascular diseases: Role of exercise, dietary interventions,
obesity and smoking cessation. Experimental & Clinical Cardiology 2005; 10(4):229–249.
6. Booth FW, Roberts CK, Laye MJ. Lack of exercise is a major cause of chronic diseases. Comprehen-
sive Physiology 2012; 2(2):1143–1211. https://doi.org/10.1002/cphy.c110025 PMID: 23798298
7. Husain K, Ansari RA, Ferder L. Alcohol-induced hypertension: Mechanism and prevention. World Jour-
nal of Cardiology 2014; 6(5):245–252. https://doi.org/10.4330/wjc.v6.i5.245 PMID: 24891935
8. Matsuda M, Shimomura I. Increased oxidative stress in obesity: Implications for metabolic syndrome,
diabetes, hypertension, dyslipidemia, atherosclerosis, and cancer. Obesity Research & Clinical Practice
2013; 7(5):e330–e341.
9. Mathers CD LD. Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med 3
(11): e442. https://doi.org/10.1371/journal.pmed.0030442 PMID: 17132052
10. Daugherty SL, Masoudi FA, Ellis JL, Ho PM, Schmittdiel JA, Tavel HM, et al. Age Dependent Gender
Differences in Hypertension Management. Journal of Hypertension 2011; 29(5):1005–1011. https://doi.
org/10.1097/HJH.0b013e3283449512 PMID: 21330934
11. Sandberg K, Ji H. Sex differences in primary hypertension. Biology of Sex Differences 2012; 3:7–7.
https://doi.org/10.1186/2042-6410-3-7 PMID: 22417477
12. Chu SH, Baek JW, Kim ES, Stefani KM, Lee WJ, Park Y-R, et al. Gender Differences in Hypertension
Control Among Older Korean Adults: Korean Social Life, Health, and Aging Project. Journal of Preven-
tive Medicine and Public Health 2015; 48(1):38–47. https://doi.org/10.3961/jpmph.14.043 PMID:
25652709
13. Raghvendra K. Dubey SO, Bruno Imthurn, Edwin K. Jackson. Sex hormones and hypertension. 15 Feb-
ruary 2002.
14. Doumas M, Papademetriou V., Faselis C. et al. Curr Hypertens Rep (2013) 15: 321. Gender Differ-
ences in Hypertension: Myths and Reality. https://doi.org/10.1007/s11906-013-0359-y PMID:
23749317
15. Organization WH. International Association for the Study of Obesity & International Obesity Task Force
(2000) The Asia-Pacific perspective: redefining obesity and its treatment. 2000.
16. Aram V. Chobanian GLB, Henry R. Black, William C. Cushman, Lee A. Green, Joseph L. Izzo Jr, Daniel
W. Jones, Barry J. Materson, Suzanne Oparil, Jackson T. Wright Jr, Edward J. Roccella, the National
High Blood Pressure Education Program Coordinating Committee. Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. 2003.
17. Alexandra Kautzky-Willer caTD, 2 Ann Jensby,2 and Anita Rieder2. Women show a closer association
between educational level and hypertension or diabetes mellitus than males: a secondary analysis from
the Austrian HIS. 2012 May 30.
18. Everett B, Zajacova A. Gender Differences in Hypertension and Hypertension Awareness Among
Young Adults. Biodemography and social biology 2015; 61(1):1–17. https://doi.org/10.1080/19485565.
2014.929488 PMID: 25879259
19. Nilsson PM1 CJ, Zethelius BR, Eliasson BR, Eeg-Olofsson K, Gudbj Rnsdottir S. Trends in blood pres-
sure control in patients with type 2 diabetes: data from the Swedish National Diabetes Register (NDR).
2011 Dec; 20(6):348–54. https://doi.org/10.3109/08037051.2011.587288 PMID: 21675827
20. Wang J1 GL, Cheng YJ, Imperatore G, Saydah SH, James C, Gregg EW. Long-term and recent prog-
ress in blood pressure levels among U.S. adults with diagnosed diabetes, 1988–2008. 2011 Jul; 34
(7):1579–81. https://doi.org/10.2337/dc11-0178 PMID: 21602427
21. Suh DC1 KC, Choi IS, Plauschinat CA, Barone JA. Trends in blood pressure control and treatment
among type 2 diabetes with comorbid hypertension in the United States: 1988–2004. 2009 Sep; 27
(9):1908–16. https://doi.org/10.1097/HJH.0b013e32832d4aee PMID: 19491704
22. McAlister FA1 WK, Joffres M, Leenen FH, Fodor G, Gee M, Tremblay MS, Walker R, Johansen H,
Campbell N. Changes in the rates of awareness, treatment and control of hypertension in Canada over
the past two decades. 2011 Jun 14; 183(9):1007–13. https://doi.org/10.1503/cmaj.101767 PMID:
21576297
23. Ann D Colosia RP, 2 and Shahnaz Khan1. Prevalence of hypertension and obesity in patients with type
2 diabetes mellitus in observational studies: a systematic literature review. 2013 Sep 17.
24. Neupane D, McLachlan CS, Sharma R, Gyawali B, Khanal V, Mishra SR, et al. Prevalence of Hyperten-
sion in Member Countries of South Asian Association for Regional Cooperation (SAARC): Systematic
Sex differences in hypertension prevalence and control
PLOS ONE | https://doi.org/10.1371/journal.pone.0178334 May 25, 2017 11 / 12
Review and Meta-Analysis. Medicine 2014; 93(13):e74. https://doi.org/10.1097/MD.0000000000000074
PMID: 25233326
25. Martiniuk AL, Lee CM, Lawes CM, Ueshima H, Suh I, Lam TH, et al. Hypertension: its prevalence and
population-attributable fraction for mortality from cardiovascular disease in the Asia-Pacific region.
Journal of Hypertension 2007; 25(1):73–79. https://doi.org/10.1097/HJH.0b013e328010775f PMID:
17143176
Sex differences in hypertension prevalence and control
PLOS ONE | https://doi.org/10.1371/journal.pone.0178334 May 25, 2017 12 / 12
